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Technical Field 

Hie pxesent invention xdates generally to the transdermal administration of 
pharmacologically active agents, and more particulaiiy relates to novel transdermal drug delivery 
systems and methods of administering drugs using such systems. 



Bagkeround 

The delivery of drugs through the skin provides many advantages; primarily, such a means 
15 of delivery is a comfortable, convenient, and noninvasive way of administering drugs. The 
variable rates of absorption and metabolism encountered in oral treatment arc avoided, and other 
inherent inconveniences-e.g., gasoointestinal irritation and the like-are eliminated as well 
Transdermal drug delivery also makes possible a high degree of connol over blood concentrations 
of any particular drug. 

20 Skin is a stmctundly complex, relatively thick membrane. Molecules moving fiom the 

environment into and through intact skin must first penetrate the stratum comeum and any material 
on its surface. The molecules must then penetrate the viable epidermis, the papillary dermis, and 
die capillary walls into the blood stream or lymph channels. To be so absorbed, molecules must 
overcome a different resistance to penecrarion in each type of tissue. Transport across the skin 

2 5 naembrane is thus a con5)lex phenomenon. However, it is the cells of the stratum comeum which 

• present the primary barrier to absorption of topical compositicms or iransdennally administered 
drugs. Hie stxanim comeum is a thin layer of dense, highly keratinized cells approximately 10-15 
rxiicrons thick over most of the body. 

In Older to increase skin permeability, and in particular to increase the permeability of the 

3 0 stratum comeum (i.e., so as to achieve enhanced penetration, through die skin,'of the drug to be 

administered transdermally), die skin may be pretrcated with a penetration enhancing agpnt (or 
"permeation enhancer,** as sraietimes referred to herein) prior to application of a drug. 
Alternatively, and preferably, a drug and a permeation enhancer are delivered concunendy . 
The present invention is directed to a novd composition for enhancing the peneuration of 
3 5 pharmacologically active agents duough skin, die composition based on (1) a lower aliphatic ester 
of a lower aliphatic carboxy lie acid widi (2) a lower alkanoL The enhancer compositions of die 
invention have been found by die inventors herein to be particulariy effective in enhancing the 
penetration of pharmaceutically active agents through skin, and surprisingly more effective than 
either coaq)onent of the composition when used alone. 
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While there are a number of patents and publications available which relate to the tiansdenxiai 
administiation of diugs and to skin peimeadon enhancer con^ositions. applicants are unaware of 
any art which suggests diat the combinations now disclosed herein provide a synergistic enhancing 
effect 

5 present invention is directed 10 novel transdermal drug delivery systems in which the 

penettationof lAarmacologically active agents tinoagh skin is enhanced by co-adminisieiing drug 
with a permeation enhancing composition as described in copending, commonly assigned U^. 
Patent Application Serial No. 07/783,480, filed 28 October 1991, the disclosure of which is 
hereby incorpotatBd by lefevenoe in its entirety. Briefly, the enhancercorr^wsitions described in 
. 0 the aforementioned applicancn contain (1) a lower aliphatic ester of a lower aliphatic carboxylic 
add. (2) a loweralkanol, and (3) optionally, additional permeation enhancing conqwnents such as 
a lower aliphatic ester of a higher carboxylic add (e^^ isoptapyl tityristare). Such oihancer 
compositions were found to be surprisingly more rffective tiian dtiier con^wnent of die 
composition used alone. 

5 "nie drug delh^ery systems disdosedhistein make use of siKhaperrneation enhancer 

oon^osition, in a device containing a release rate-controlling means which controls the flow of 
drug out ofdie device but not die flow of pomeation enhancer. Hiat is, die devices contain 
specifically fiwmulated polymer membranes which do not limit the rate of enhancer delivety in aay 
way- so that die delivery of solvent is skin late-controlled- but which provide for a steady-state 

0 flux of drug out of die device, i.«.,tdease rate ofdnig is "system-controlled." Aldioughdiereare 
a number of patents and Utetanire references which relate to rate-controlling membranes in 
tt a nsrimnal drug delivery systems, as will be summarized in die next section herein, applicants are 
unaware of any art whidi describes a rate^ontroUing means diat sdectivdy meters die flow of 
drug but not the ik)w of enhancer. 

5 "I^c present systems are particularly useful in die transdermal adnnnistratiott of die 

angiotensin converting enzyme (ACE) inlubitor drug capvapnl, the beta blocker timolol, and die 
narcotic analgesics buprenorphine and nalbuphine. 

Related Art 

0 The following references relate to one ornxnea^KCts of die present invention. 

Skin permeation e n ha nc ers, generally: Various cooopounds for mhanring ±c permeaWlity 
of skin are known in die art. U.S. Patent Nos. 4,006,218, 3,551^54, and 3.472,931, for 
example, respectively describe die use of drmedtylsulftixide (DMSO). dimediylfonnamide (DMF) 
and N.N-dimeth]dacetamide QSMA) to enhance die absorption of pharmacotogically active agents 

5 dmmgh die stranun comeum. Odier compounds which have been used to oibance skin 
permeabfliiy indude: decyhnediyisuBbxide (CjoMSO); diediylene glycol monoediyl edier. 

pdyediylene glycol monolaurate (PEGML; see, e^., U.S. PatentNo. 4,568343 to Leeper et al.); 

glycerol mondanrate (U.S. PatentNo. 4*746,515 to Cheng a a/.); propylene glycol monolaurate 

(e.g., U.S. Patent No. 4,764379 to Sanders era/.); etiianol (e^., as in U.S. Patent No. 

0 4379,454 to Campbdl et al.); eucdyptol (U.S. Patent No. 4,440,777); leddun CU.S. Patent No 

2 
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4,783,450); the 1-substituted azacyck)hq)tan-2-ones, particularly l-n-dodecylcyclazacyclohepian-2- 
one (available under the trademaik Azone® from Nelson Research & Development Co., Irvine, 
CA; see U.S. Patent Nos. 3,989,816, 4,316,893, 4,405,616 and 4,557,934); "ceU envelope * 
disOTdering compounds" such as methyl laurate or oleic add in combination with N- 
(hydioxyethyl) pynolidone (U.S. Patent No. 4,537,776 to Cooper) C3-C4 diols (U.S. Patent 

No. 4,552,872 to Cooper et al^ European Patent Application Pubficadon No. 043738); or a 
binary system of oleic acid, oleins or olqrl alcohol in combinarion with a lower alcohol (U.S. 
Patent No. 4,863,970 to Chang et al.). 

References which relate to lower aliphadc esteis of lower aliphadc carboxyUc acids or lower 
alkanols: European Patent Publication No. 261429, which describes the use of propylene glycol 
in comKnarion with a fiitty add such as linoldc acid; U.S. Patent No. 4,573,996 to Kwiatek et 
al.y which describes the use of glycols in transdermal formulations; and U.S. Patent No. 
4,781,926 to Hyon et ed., which describes transdermal formulations containing dther ethyl acetate 
or propylene glycol as a pemieation enhancer. 

References which relate to drug-specific transdermal systems: U.S. Patent No. 4,752,478 
to Bondi « a/, and U.S. Patent No. 4,938,759 to Enscore et al. describe systems for die 
transdermal administration of timolol base; U.S. Patent Nos. 4,560,553 to Zupan, 4,440,777 to 
Zupan, ami 4,990,340 to Hidaka aU describe pharmaceutical preparations formulated witii timolol 
maleaic. PCT published Patent Application No. WO88/09676 and U,S. Patent No. 4,806341 to 
Chien etal. relate to die transdermal administtation of buprmorphine, while U.S. Patent No. 
4473,995 to Chen et al. describes a system fat die transdermal administtarion of nalbuphine. 

Transdermal systems containing rate-controlling membranes: U.S. Patent No. 4,615,699 to 
Gale et al. describes a transdermal dierapeutic system for die administration of nitroglycerin, 
which contains a rate-controlling membrane of ediylene-vinyl acetate. U.S. Patent Nos. 
3,731,683, 3,854,480, and 3,996,934 to Zaffaroni describe a oansdermal drug delivwy device 
containing a waU member which is stated to meter die flow of drug. U.S. Patent No. 4,262,003 
to Urquhait et al. describes a transdeimal dienpeutic ^stem for administering scopolamine base, 
wherein die system contains a membrane for conmjUing die rate at which drug is released from die 
drug reservoir. U.S. Patent No. 4,834,979 to Qale describes a medical bandage for administering 
dmg to the skin; die device contains a polymeric membrane apparendy designed to control die rate 
of drug release from the drug reservoir. 
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Summary of the Invunrinn 

Accordingly, it is a primary object of die inventi(» to address die above-menticmed need in 
die art by providing a transdenmal drug delivery device containing a rate-controlling means 
effective to control drug flux but whidi does not limit die flow of enhancer from die device. 
It is anodier objea of the invention to provide such a device in which die late-contrdling 
IS is a polymeric membrane. 

It is still anodier object of die invention to provide such a device in which die polymeric 
ibrane is an ethylene-vinyl acetate based membrane. 

3 
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It is yet another object of the invention to provide such a device containing a skin penneation 
enhancer composition of a lower aliphatic ester of a lower aliphatic carboxyUc add in combination 
with a tower alkanol, and optionally additional peimeadon enhancing conqwnents sudi as a lower 
aliphatic ester of a higher carbos^lic add. 

It is a furdxer objea of the invention to provide such a device &r the transdennal 



administration of CaotODiil. 



•Iiiili 



It is still a fimher object of die invention to provide such a device for the transdeimal 
lissation of timolol or a salt tiiereof. 

It is yet a fmtiierobjea of the invention to provide such a device for die tiansdemjal 
administration of bupienorphine^ 

It is yet a fiirdier object of die invention to provide such a device for die tiansdemiai 
administtation of nalbuphine;. 

It is anodier object of die invention to provide a medwd for ariminiw^ng a drug 
transdennaliy using the aforementioned drug delivery systtm. 

Additional objects, advantages, and novd features of die invention wiU be apparent to diose 
skilled in dK art upon a review of die Detailed Description and Exanq)les which^ 

Inafirstaspectof die invention, dien, a transdennal drug delivery device is provided for 
administBring a phannacologicaUy active agent diiough a selected area of skin over a sustained 
tiine period, ooiiqnising a ijaadnated composite ofi 

Ue to the phaimaoolQgically active agent 



(a) a backing layer which is $ubstaniially imp 
and which defines the upper surface of the device during use; 

(b) laminaied thereto, a reservoir layer containing a therapeudcaUy effiwtive amount of the 
pharmacologically active agent and a penfieadon enhancer coa9)osirion comprising G) a lower 
aliphatic ester of a lower aliphatic carboxy lie add, and (ii) a lower alkand; 

(c) a release raie-contiolling means which controls die flow of pharmacologicaUy active 
agent but not die flow of permeation enhancer con?)osition ftom die device; and 

(d) means for maintaining die device in agent-andenhancer-transmitting relationshq) to die 

sldn* 



In anodicr aspect of die invention, a mediod is provided for administering a 
pharmacologicaUy active agent tiansdermally, which comprises qiplying die abovenMned 
l a minate d con^KDsite to a selected area of intact sldn for a time period rffective to prodbice die 
desired therapeutic effect 
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Brief Desr riptjon of thft ^ 

Hgure 1 is a sectional representation of apreferred transdermal patdi which may be used in 
conjunction with the methods and compositions of the invention. 

Figure 2 graphically iUustrates die flux of captopril into an ihfnute reservoir permeating 
through human skin, as described in Example I. 
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Figure 3 graphicaUy illustrates the flux of propylene glycol into an infinite reservoir from a 
transdermal patch (Figure 3A) and the cumulative delivery of propylene glycol from the patch over 
a 24 hour period (Figure 3B), as described in Example 2. 

Figure 4 graphically illustrates the flux of ethyl acetate into an infinite reservoir from a 
transdennal patch and the cumulative delivery of ethyl acetate from the patch over a 24 hour 
period, as described in Example 2. 

Figure 5 graphically illustrates die flux of ethyl acetate into an infinite reservoir from a 
transdermal patch, with and without skin, over a 24 hour period, as described in Example 3, 

Figure 6 graphically illustrates the flux of captopiil into an infinite reservoir from a 
transdennal patch over a 24 hour period, as described in Example 4. 

Figure 7 graphically illustrates the flux of captopril into an infinite reservoir permeating 
through skin or from a transdennal patch penneating through skin over a 60 hour period, as 
described in Example 5. 

Figures 8A and 8B graphically iUustrate the flux of ethyl acetate and ethanol, respectively, 
into an infinite reservoir permeating from a transdermal patch k>aded with variable permeation 
enhancer vehicle compositions and captopril tiuou^ human cadaver abdominal skin over a 24 
hour period, as described in Example 6. 

Rgures 9A and 9B graphically illustrate die flux of captopril into an infinite reservoir 
permeating from a transdennal patch toaded with variable permeation enhancer vehicle 
conq)ositions and captt>pril tiirough human cadaver abdomen and tiugh skin, respectively, over a 
24 hour period, as described in Example 7. 

Figure 10 gr^hically illustrates die flux of timok)! maleate duough skin, tiuougfa an 
ediylene-vinyl acetate membrane, and through an etiiylene-vinyl acetate membrane placed on skin, 
as described in Example 8. 

Figures 1 1 A and 1 IB graphically illustrate solvent flux versus time for die experiment of 
Example 8. 
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Detailed Description of the Inventinn 

Before describing the present compositions, systems and mediods of die invention in detail, 
it is to be understood that this invention is not limited to the particular drugs, transdermal devices, 
or laminate materials described herein, as such may, of course, vary. It is also to be understood 
dial die terminology used herein is for die purpose of descriinng particular embodiments only, and 
is not intended to be linuting. 

It must be noted diat, as used in dus specification and die appended claims, die singular 
forms "a,** "an", and "die" inchide plural referents unless die content clearly dictates otherwise. 
Thus, for example, refisrence to a laminated structure containing "a drug" includes a nuxmrc of 
two or more drugs, refiacnce to "a lower aliphatic ester" includes refisrence to one or more of such 
esters, reference to "a lower alkanol" includes reference to one or more tower alkanols, and die 
like. 
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In describing and claiming the present invendon, the following terminology will be used in 
accordance with the d^nidons set out below. 

Tenetiation enhancement" or "penneadon enhancement" as used herein relates to an 
increase in die penneability of skin to a pharmacologically acdve agent* Le^ so as to increase die 
rate at which die agent peniieates into and dirou^ die skin. A "permeation enhancer" is a material 
which achieves such permeadon enhancements and a "penetration enhancing amount" of an 
enhancer as used herein means an amount effective to enhance skin penetration of a selected agent 
to a desired degree, Le.^ to effect the desired phamtiacotogic response. 

By "transdermal" drug delivery, applicant is using die term in its conventional sense, i.e., to 
indicate delivery of a drug by passage dirough the skin and into die blood stream. By 
"transmuoosal" drug delivery, applicant intends delivery of a drug by passage of a drug duough 
die mucosal tissue into the blood streanL "Topical" drug delivery is used to mean local 
administration of a topical drug as in, for example, the treatment of various skin disorders. 
Aspects of the invention which are described in the context of "transdermal" dm g delivery, unless 
othenmse spedfied, can apply to transmucosal or topical delivery as wel^ Thatis,the 
compositions, systems, and methods of die invention, unless explicidy stated otherwise, should 
be presumed to be equally appUcable widi any one of diese three modes of drug delivery. 

The term "drug" or "pharmacologically active agent" as used herein is intended to mean a 
compound or oon^osition of matter wUc^ when administexed to an organism Qiuman or animal) 
induces a desired pharmacologic and/or physiologic effea by local and/or systemic action. Jh 
general, the terms include the therapeutic or prophylactic agents in all major therapeutic or 
prophylactic areas of medicine. Exanq)les of drugs useful in conjunction widi the present 
invention include: anti-infectives such as antibiotics and antiviral agents; analgesics and anaig^fnc 
combination^ anorexics; anrihelmimhics; aniianhritics; antiasthmatic agents; anticholinergic agents; 
anticonvulsants; antidepressants; antidiabetic ageiits; anriHtafrti^fliy anrihig rgm ni^y^ anti- 
inflammatory agents; antimigraine preparations; anti-motion sickness drugs; antinauseants; 
antineoplastics; antq>arkiiisonism drugs; antipruritics; antipsychotics; antipyretics; antispasmodics; 
anticholmergics; synipathomimetics; xanthme derivatives; cardiovascular prq>arations including 
caldnm channel blockers and beta-blockers such as pindolol and antiarrfaydmncs; 
antihypertensives; diuretics; vasodilators including general coronary, peripheral and cerebral; 
cenmd nervous system stimulants; cough and cold preparations, including decongestants; steroids; 
hypnotics; inmnmosuppressives; muscle relaxants; parasynqiatholytics; psychostimulants; 
sedatives; and tranquilizers For purposes of the a&rementioned definition, "drugs" as used 
hetem also include locally admimstered topical medicaments such as antibacterial agents, 
antifungals, antimicrobials, cutaneous growth enhancers, antipsoriatics, anti-acne ^ydicamfnn^, 
and the like. 

"Carriers" or "vehicles" as used bsimn relet to carrier "i?itfflpa1s without pharmacological 

activity which are suitable for administration in conjunction with the presently disclosed and 

claimed conqx)sitions, and include any such carder or vehicle materials known in the an, any 

liquid, gel, solvent, liquid diluent, solubilizer,. or the like. The carriers and vehicles suitable herein 

6 
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are "phannaceuiically acceptable" in that thiey are nonioxic, do not interfere with diug deUveiy, and 
are not for any other reasons biologicaUy or otherwise undesirable. Examples of specific suitable 
carriers and vehicles for use herein include water, mineral oU, silicone, inorganic gels, aqueous 
emulsions, liquid sugars, waxes, petroleum jelly, and a variety of other oils and polymeric 
materials. 

By a "thet^euricafly effective" amount of a drug or pharmacotogically active agent is meant 
a nontoxic but sufficiem amount of the drug or agent to provide die desired therqieudc effect. 

Hie iovendon is dius, in one embodiment, a transdermal drug delivery device which 
conqnises a laminated con^osite of a backing layer, a drug ttservtnr layer, a release rate- 
controlling means, and a means for maintaining die device in agent- and enfaancer-transmitdng 
telad(»iship to die skin. The device may also include one or mat odier layers, e.g., additional 
drug and/or enhancer reservrars or the like. 

In diese conqxjsites, die backing layer will function as die primary strucniral element of die 
device and provide die device widi much of its flexibility. This layer also serves as a protective 
covering to prevent loss of drug and enhancer via transmission dnough die upper suiiace of die 
device. The backing layer may also be used to impan die device widi a desirable or necessary 
degree of occlushdty which in turn causes die area of skin on wtach die device is placed to become 
hydrated. TTiebackingisprBferably made of a sheet or fihn of a flexible dastomeric material, and 
m^ or may not be metallized. Suitable flexiUe elastomeric materials include polyedier block 
amide copolymers, poiyuredianes, silicone elastomers, rubber-based polyisobutylene, styiene, 
polyetiiylene, polypropylene, polyesters, or die like. TTie preferred polymer used for die backing 
will depend primaiily on die particular pharmacotogically sffidve agent incoiporaiBd into die device. 

The reservoir layer which contains die selected pharmacologically active agent in a 
dieEq)eutically effective amount and die skin peimeation enhancer composition may conqjrise 
ddier an adhesive polymer or a geUed system, which is preferably but not necessarily of a material 
in whKh die selected drug or vehicle has moderate solubility and difbsivity. Exainples of suitable 
adhesive materials which may be used to formulate die drug reservoir 1^ include polysiloxanes, 
pdyacrylates, poiyuredianes, polyisobutylene, and tacky rubbers. It is preferred, however, diat 
die drug reservoir be a gelled system; eidier aqueous or nonaqueous gelled systems may be used. 
An exenqjlaiy gelled formulation will inchide about 0.1 to 40 wt% drug and 1 k> 10 vn.% gelling 
agent, widi die remainder of die fomoulation being enhancer, caxriers, or die like. It will be 
^ipredated by diose skilled in die an. however, diat die relative quantities of drag, enhancer, 
carrier (if any), and gelling agent will vary, depending <m a number of factors, including die 
particular drag to be administerBd, deared dosage, and die like. Optimization of die drag/enhancer 
reservoir conoposition may be carried out readily using routine mediods known to those working 
in die fiekl of nansdermal drug delivery. Suitable gelling agents inchide, for exan^le, 
hydraxyediyl ceUulose, hydroxypropyloellutose, hydrcMtypropylmediylcellulose, carbopol resins, 
and the like. 

The release rate-controUing means of die invention will typically be a polymeric membrane 
placed in die flow padi of drag from die reservoir layer to die skin, aldiough die drag leservoir 
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matrix itself imysenre as a release me-^ The membrane material will generally 

be selected from the group consisring of ethylene-vinyl acetate ^VAc), ethylene-yinyl acetate 
organic add terpolymer, polyamide, polyester, and acrylic resins. Preferably the release rate^ 
controlling niemfarane has an vinyl acetate (VAc) content of at least about 15 wt%^ more 
preferably at least about 18 wt%, most preferably at least about 25 wt.%. 

Underiying or adjacent to the release rate-controlling membrane is a means for maintaining 
the device in agent- and enhancer-transmitting relationship to the skin. The iheans is typically an 
adhesive means formulated from an adhesive material which is chemically and physically 
compatiUe with all components o£ the device and which is phannacologically acceptable, Le., it 
should be of a inatetial suitable for placenoeiit on the skin. Such adhesive materials will Q^cally 
be selected from that class of materials which may be used for the drug reservoir layer; preferred 
materials include polysiloxanes, polyacrylics, and polyisobutylene. 

As noted above, the transdermal devices of the invention are formulated with an enhancer 
composition suitable for enhancing the rate of penetration of aselected drug through the skin, 
wherein die composition comprises a lower al^hatic ester of a lower aliphatic carboxylic add and 
propylene glycoL As used herein, the term "lower" is used to mean a chemical con^und having 
six carbon atoms or less. Freferxed materials usefol as die lower aliphatic esters have a total of 
from about three to about sue carbon atoms in their esterifying groups plus their add groups. 
Thus, typical materials include methyl butnue, methyl proprionate, methyl acetate, etiiyl butxate. 
ethyl pippionate, etiiyl acetate, propyl butxate, propyl propionate, and propyl acetate. Among 
these matftrials, special preference is given to ethyl acetate. 

The peimeatiott enhancer compositions of ±t invention also contain a lower alkanoL The 
lower alkanol can be a monoalkanol such as methanol, etbanol, 1-propanol, 2-pn)panol, or a 
butanol Ca% i- or t-butanol)* or it may be a diol such as propylene glycol. Propylene glycol and 
ethanol are particularly prefexied 

The enhancers of the invention preferably contain on the order of 25 wt.% to 90 wL% lower 
aliphatic ester and ^^proximately 10 wt% to 75 wt% lower alkanol. However, die coaq)ositions 
may also indude caxriers or vehides as desciibed above, and/or various additional agents and 
ingredients such as fragrances, pacifiers, preservatives, antioxidants, gelling agents, perfiimeSr 
tiuckening agents^ stabilizers, sur&ctants, emollients, cdoring agents, and die like, so long as 
thqr arephaimaceutically acceptable and compatible with the setected phaimacologically active 
agent in die penneation enhancer composition as described above. Paiticularly preferred additives 
indude hydzophobic co-solvents such as squalene, decyhnetiiylsulfoxide, and isopropyl myristate, 
and sur&ctants, induding anionic, cationic, nonionic, and amphoteric surfactants. If such co- 
solvents or sur£actants are present, tiiey will preferentially be induded at less dian about 15 wt.%, 
preferably less than about 10 wt% of die tool enhancer con^osition. Addition of a lower 
aliphatic ester of a higher carboxylic acid (U:, containing seven carbon atoms or more), such as 
isopropyl myristate, is particularly preferred. 

While a variety of phaimacologically active agents may be administered using the 

compositions of die present invention, particularly preferred active agents are selected from die 
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group consisting captopril. mnolol, nalbuphine, buprenorpiune. and salts thereof. Captopril and 
dmolol maleate are especially preferred. 

For capttjpiil, a preferred enhancer fonnularion contains about 25 wl% to 90 wl% lower 
aliphanc ester and about 10 wt.% to 75 wt.% lower alkanol. Particulaiiy prefened enhancer 
conxposirions for use widi captopril ctmtain about 50 m.% to 90 wl% ethyl acetate, 25 wt.% to 
45 wL% propylene glycol, and 0 wt% to 15 wl%, preferably 5 wl% to 10 wt%. isopropyl 
nayristate. More particulaiiy prefiBned enhancer conqwsirions for use with captqnil contain 25 
WL% to 65 WL% ethyl acetate and 35 wl% to 75 wL% edianoL For timolol maleate, an optimum 
enhancer formulation contains about 70 wt% to 90 wl% lower aliphatic ester (preferably ethyl 
acetate) and about 10 wt% to 30 wt% lower alkanol (preferably propylene glycol or edianol). 
The amount of drug contained widiin die conqxsition will depend on a variety of factors, 
Inchiding die desired rate of delivery, die desired dosage, die disease to be treated, die nature and 
activity of die drug, die desired effect, possible adverse reactions, die ability and speed of die drug 
selected to reach its intended target, and odier factors witiun die particular knowledge of die patient 
and physician. 

Prior to use. die laminated composite also includes a release liner layer. Just prior to use, 
diis layer is removed firam die device to expose die basal surfiace of die device. The release liner 
will normally be made from a drug/enhancer-nnpermeable material diat is inherendy "strippaWe" or 
rendered so by techniques such as silicone or fhiorocarbon neatment 

An exenqjlary systan is illustrated in cross-section in Rguic 1. In die figure, die 
transdermal patch is shown generaUy at 10. widi backing material 14 overiying drug reservoir 
12. Adjacent to and underlying die reservoir is a release rate-controlling membrane 16 which, as 

mentioned above, is preferably coniprised of a vinyl acetate-containing material Undolying 
membrane 16 is a protective layer 18 which is typicaUy comprised of a material Mi«ii«r to diat 
selected for backing 14. Release liner 20 forms die basal surface of die device prior to use, and 
may be peeled away to expose adhesive ring 22. Heat seals 24, 26, 28, and 30 ensure diat die 
various conqionents and layers of die device remain bonded togedier. 

Preferred dafly dosages obtained widi die present mediods and systems will, similarly, vary 

widi die drug adntinistered. The targeted daily dosage wiU depend on die individual being 
die indication addressed, die lengdi of time die individual has been on die drug, and die like. 

The following examples are put fortii so as to provide diose widi ordinary skill in die art 
widi a conqilete disclosure and description of how to formulate compositions and systems of die 
invention, and are not intended to limit die scope of what die inventors regard as tiieir invention. 
Efforts have been made to ensure accuracy widi respect to numbers used (e.g., amounts, 
temperatures, etc), but some experimental eirors and deviations should be allowed for. Unless 

indicated odierwise, tenqperatures are in degrees Centigrade, and pressure is at or near 
atmospheric. 
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Specific EmhodimenK 

Sidn Penneability Studies, Ntohods and Materials: A system employing nine Fzzxa 
diffusion cells was used for die pennealnliQr e:q>eriments. The cells weie modified with inlet and 
outlet receiver ports to allow continuous flow through the cells. Hie human cadaver sidn used in 
the experiments was excised from the abdomen, back or tfai^ area of 40- to 80-year-olds widun 
12 hours post-mortem at a tMdmess ranging from 150-600 Mm. The skin was stored frozen. The 
skin was then thawed, cut to circular pieces of approximately 2.0-5.0 cm^, and placed on the 
cells, epidermis side up, to equilibrate for one hour, with a glass cell cap clamped above. 

Hie surface area exposed to the donor phase was 0.65 cm^ or 2.0 cm^ The donor vehicles 
were prepared by saturating the drug to be tested in the different enhancer mixmres K) ensure a 
constant cMving force. In some experiments, donor vehicles were prepared using other 
concentrations of drugs. Captopril was saturated at 33 wt%. Timolol ^as ^iTrated at 25 

wt%. The suspensions were stirred overnight In some experiments, donor vehicles were 
prepared using odier conoenttadons of drugs. At die start of the experiment, 325 ^1 of the 
samrated mixture was pq)etted through the cell cap direcdy onto die skin, and die cap sealed widi a 
glass stopper. In some experiments, the donor vehicle was gelled by die addition of a combination 
of hydroxypropyl cellulose and Carbopol 1342 (obtained from BJ. Goodrich, Qcveland, Ohw) 
at a concentration of 1 to 2 wl% (and added to die skin at a concentration of 150 pL/cn?). In 
odier experiments, ratire transdermal devices were placed on the skin or in die cell without skin. 

The receptor phase, in contact with the underside of die skin, was phosphate-bufrered (0.01 
M, pH 7.4) isotonic saline widi 0.05% sodium azide added to prevent bacterial growth. The cells 
were maintain ed at 37^C by circulating thermostatically controlled water daou^ a jacket 
surrounding the cell body. 

Recqptor pha^e solution was pumped dirough die diffusion cells by means of a Manostat 
Cassette Pump drive unit A fraction collector was used to collect the cell effluent Theflowrate 
was set so that drug concentration in die receptor phase remained well below saturation; a typical 
flow rate was 5 ml/hr. Unifimn mfadng of the drup in the receptor phase was achieved hy a gmaii 
magnetic stirring bar driven by an external 600 rpm motor. Fractions were collected at regular 
intervals and analyzed for die selected drug using HFLC Each donor vehicleAherapeutic agent 
formulation was tested in trqdicate and the 24-hour cumulative drug deliveries averted for die 
dnee cells. 
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(&.) Skin Permeahilitv Smrfjes; ramnpril 

The above procedures were used to evaluate die flux of captopril dirough human skin, an 
EVAc membrane (Bvax 250, obtained from DuFont) or an EVAc/skin combination. To prevent 
fimnation of a disulfide of captopril, 0.001 M citric add as an antioxidant and 0.001 M 
ediylenediaminetetcaacetic add (EDTA) were added to die recepttjr phase solution. 

Captopril concentration in die recq»tor phase was measured using HPLC. No sample 
Piwxeatment was required. The HPLC analyses were perfonned on a Waters 840 system 
consisting of two Modd 510 pumps, a Model481 UV detector, a Modd 710 B WISP (sample 
processor), and a Digital Con?»uter Modd 350 miaropiocessor/i)rogrammer. The column used 
was a 4.6 mm X 25 cm Whatman ODS-3 Pardsil C-18 at 40'C C^topril was measured using a 
mobUe phase of 0.10 M phoq>hate buffer, pH 3.0: acetonitrile. at a flow rate of 1.0 ml/nrin. After 
an initial 2 min. at 0% acetonitrile, the acetonitrile content was raised to 15% for captqail dution. 
The acetonitrile portion was lowered to 0% for die next injection. Run time was 19 minutes. 
Absorbance monitoring was at 240 nm, and die mention ucae found to be 14.0 nrin. 

The goal of this ejq)eiimentariai was to evaluate the flux of captopril ftom a saturated 

solution in an etiiyl acetate (EtAc)^iropylene glycd (PGVisopropyl myristate 
(0 J5K).40:0.05) donor vehicle through human tiiigh skin. A minnr mm target flux of 60 
Hg^cm2/hrwascatoulated,fora25cm2patch. TWs flux corresponds to a cumulative ddivery of 
ZO mg/cm^. The experimental results are summarized in Figure 2. The flux of captopril dnough 
human skin never reached a steady-state condition over die 24-hour testing period. 

n>.\ PrepariiHon of Tranwl ermal Patches 

Transdermal patches were prepared as follows. A 300 pL reservoir was created in die 
backing material (Scotchpak #1009, Heahh Que Specialties Division, 3M) using a sted mold 
machined at SRI International, Menlo Paric, CA. The sied mokl consisted of duee pans: 1/2" 
(1.27 cm) diick by 3" (7.62) i.d. upper and lower cylindrical pieces and a 3/4" (1.91 cm) long 
plunger. Tlie lower half of die mokl had a depression diat was used to shape the reservoir in die 
backing material The upper half of die moU had a 2.0 cm^ hole drilled dirough it to 
accommodate die diird pan of die mokl, die plunger. The bottom of die plunger was machined to 
fit into die depression in die lower half of die mold. The dqnession was defined by a 2.0 cm^ 
circular area cut about 1 mm into die lower half of die mold. The edges of the depression w«b 
rounded, and diere was a 6 mil clearance between die sules of die depression and die plunger, to 
prevent shearing of the backing materiaL 

The reservoir was created by centering a 1.75" (4.45 cm) id. piece of backing material on 
dielowerhalf of the mold, with die aluminized side up. Theupperhalfof the mold was secured 
to die lower half using alien soews, immobilizing die backing material. The plunger was pushed 
duough die hole in die upper half of die mold until it rested on die backing materiaL The entire 
mold was dien placed in a heat press at 185*T» (85»C) for fifteen minutes. The upper and lower 
plates of die heat press were dien brouglit togedier until die backing layer was driven to die bottom 

of die dqwession in die lower half of die mold. The pressure used was less dian about 500 psi 
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(3447 kPa). After fifteen minutes at 1 85T (85"C), the heat press plates were moved apart, and 
the mold was removed and placed in a second press that was at room len^jerature. The plates of 
this press were brought tog^er as before and the mcdd allowed to cool widi the plunger at die 
bottom of the dqaession. The bacidng material with reservoir was then rinsed in 70% 
isoptqianol and allowed to dry. 

Afierdiereservdrwasfoniiedin the backing layer» a ring of transfer adhesive OM 
Phaimaoeutical Grade Transfer Adhesive No. 9871) with a papwielease liner (3M Silicone 
Treated Release liner Na 9743) was added. The adhesive ring was prepared as foUows. 
Hrst, the non-sdddng layer was removed from a portion of the transfer adhesive and a piece of the 
paper release liner added. 125" (3.18 cm) i.d. circles were punched out of the transfer 
adhesive/i>^ release liner laminate. Then. 1.75" (445 cm) i.d. drdes were punched out. The 
result was a ring witii a 1.75" (4.45 cm) outer diameter and a 1.25" (3.18 cm) inner diameter. The 
paper release liner was removed and die adhesive attached to die bacidng layer; The outer layer of 
material was removed fiom die adhesive ring. e;q)osing die adhesive. Hie paper release liner 
(previously removed) was dien placed on die adhesive. When die oaDerrelease liner is nmawd. 



A captopril patch was then prepared as follows: 3(X) jiL donor solution (e^., EtAc/PQ/IPNt 
65:30:5 with 25 wt% captopril, gelled using 1 wt-% hydioxypropyl cellulose) was pipetted into 
thexcservoirusinganSMIpipet A7/8"(2^an)circularpieceof Snul 18%EVAcinenibnmc 

was heat-sealed over the top of the reservoir using a 1.8 cm id heat sealer for 6 seconds at 
I33^C The release liner was attached to the backing material using a 2.6 cm id hp^x sfalfr for 
two seconds at 125*^C 
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Example 2 

The above procedure was used to load tzansdeimal patches with EtAc/PG/IPM 
(0.65A).35/D.05) enhancer vehicle with 33 wt% captopril The captopril-containing vehicle was 
gelled with 1-2 wt% hydioxypropyl cellulose and added to the skin at 150 (xL/cm^, Flux of PG 

and EtAc torn the loaded transdennsi pstfches into the recq)tor soluti 
Example 1. 

EtAc and PG were measured using a Waters Fast Fruit Juice Column (7.8 mm x 15 cm). 
The mobile phase was 0.05% H3PO4 in water (voWol) at a fbwta^ EtAcand 

PG were detected widi a Watas Di£feremial Refiactometer Model 410. 

The retention time of EtAc was 7.2 min while that of PG was 3.7 rm p Standards of EtAc 
were collected alongside the saixq)le fiacdons and used to conect for the loss of this volatile 
solvent prior to analysis by HPLC 

Cumulative PG and EtAc deliveiy from the tcansdennal patdies into receptor soludon was 
also evaluated. The experimental results are summarized in Rgmes 3 and 4, req)ectively. 

The flux of PG reached a maximum of about 025 mg/cm?hr after 4 hours and decreased 
progressively diereafter (Figure 3A). The cumulative PG delivered fiom die transderinal patch did 
not reach a steady-state condition for the 24 hour |eriod of the experiment (Figure 3B). 
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In a qualitatively amilar manner, the flux of EtAc reached a maximum of about 9 mg/cm^hr 
after 4 hours and decreased progressively thereafter (Figure 4A). The cumulative EtAc deUvercd 
ftom the transdennal patch did not reach a steady-state condition for die 24 hour period of die 
experiment (Figure 4B). 

5 

Example 3 

The procedures described in Exan5)le 2 were used to evaluate die flux of EtAc ftom 
transdermal patches, with and witfiout human cadaver skin, and skin only. The experimental 
results are summarized in Figure. S. 
10 As in Example 2, die flux of EtAc from die patch reached a peak of about 9.3 mg/cm^hr at 4 

hours. Tlie flux of EtAc from die patch dirough skin reached a peak of about 3 mg/cm^ at 6 hours 
and declined to a steady-state level diereafter. These results indicate diat solvent delivery is 
controlled to a large extent by the skin. 

IS ExaoiQl&l 

The procedures of Exanq)le 2 were used to evaluate die flux of captopril ftom transdermal 
patches into die receptor phase solution. The experimental results are surrmiarized in Figure 6. 

The captopril target flux was exceeded between 2 and 4 hours, and, unlike die permeability 
results observed using skin alone (see Example 1), a steady-state level of about 125 fig/cm^hr was 

2 0 reached by 6 hours. This level was maintained for die 24 hour duration of the experiment 

Example S 

The procedures described in Example 2 were used to evaluate die flux of captopril into the 
receptor phase solution from transdettnal patches duough human back skin. Patches were left in 

25 place for 24 hours and ddier removed or removed and a second patch placed on die saineskm 
The procedures described in Example 1 were used to evaluate die flux of captopril from a gelled 
enhancer vehicle dirough skin only. The e;q9erimental results of bodi diese procedures are 
summarized in Figure 7. 

As previously described in Example 1, die flux of captopril from a gelled enhancer vchwle 

3 0 dirough skin into die receptor phase solution exceeded die target flux between i2 and 16 houn. 

Flux increased to a level of about 400 jig/cm^hr by 32 hours and decreased tiicreafter until 50 
hours when an apparendy anomalous increase in flux was observed. 

When die flux of optopril from a single transdermal patch duough skin was evaluated target 
flux was again exceeded between 12 and 16 hours. A steady-state flux level of about 140 
3 S ^g/cm^hr was achieved by 24 hours and was maintained for ain additional 8 hours despite die 

removal of die patch. The flux decreased diereafrer until it dropped bebw die target level between 
42 and 45 hours. 

When the first patch was removed after 24 hours and rq)laoed with a second patch on the 
same skin, die steady-state flux level increased slighdy to about 200 jig/cm^hr by 32 hours and 
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remained at tfiat levd for an additional 16 hours- Hie flux decreased thereafter to about 70 
jig/cm^hr but did not drop below the target level for the remaining duration of the ejq)etimenL 

The procedure described in Example 1(b) was used to load tzansdexmal patches made with 
28 wL% VAc-content EVAc copolymer membranes with various amounts of EtAc / ethanol 
(EtOH) (0.65:0.35, 0.50:0.50. 035:0.65) enhancer vehicle with 10 wt% captopriL The 
captopril-containing vehicle was geiledand added to the skin as in Exanq)le 2. The piocedures 
described in Example 2 were used to evahiate the flux of EtAc and EtOH ftom transdemial patche 
through human cadaver skin. The experimental results are summarized for EtAc and EtOH in 
Figures 8A and 8B, re^ectively. 

The relationship between enhancer vehicle component flux and time was quantitatively 
similar to that seen in Example 2. The total amount of EtAc and EtOH delivered fiom die patches 
depended on th e conQ)05i tion ci the enhancer vehicle. 



Sasmkl 

The procedure described in Example 1(b) was used to load transdermal patches made witii 
28 wt% VAc-conient EVAc copolymer membranes with various amounts of EtAc / etiianol 
fftOH) (0.65:035, 0.50:0.50, 0.35K).65, 0^:0.75. 0.15:0.85) enhancer vehicle witii 10% 
captopriL The captoprit-containinff vehicle was gelled and added to the sicin as in KYamp i^ ? j 
procedures described in Example 1(a) were used to evaluate the effect of enhancer vehicle 
composition on the flux of captopril ftom transdennal patches throngh hrnnan cariflviy girit^ 
experimental results are summarized in Figures 9A (abdominal skin) and 9B (thigh skin). 

The c^trqiril target flux was exceeded when die enhancer vehicle composition (EtAc / 
EtOH) was 0.25:0.75, 0.35:0.65. 0*50K).50 or0.65:035. The longer lag time observed in die 
experiments depicted in Hgure 9B is postulated to be due to the fact that die skin used was 
considerably ducker dian in odier experiments. 
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Example 8 

The procedures of Exaixq>le 1 woe used to evaluate the flux of timobl maleate through 
human skin, dnougb an EVAc membrane, and duough an EVAc membrane placed on human 
skin. 

Timolol concentration in the recqitor phase was measured using HELC No sanq)le 
pretreaimem was required. TheHFLCanalyses were performed on a Waters 840 system 
consisting of two Model 510 pumps, a Model 481 UC d^ector, a Model 7 10 B WISP 
(sample/processor), and a Digital Computer Model 350 microprocessoi/programmer. The column 
used wa a 4.6 mm x 25 crn Whatman ODS-3 Ptetisil C-1 8. TmK>lol was measured using a mobile 
phase of 0.05 M sodium acetate buSB^r, pH 33/90% acetonitrile (10% acetate buffer) (30/70) at a 
flow rate of 1.8 ml/min. Absorbance monitoring was performed at 295 nm, and die retention time 
was found to be 5.3 sunutes. 

14 
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The goal of this experiment was 10 evaluate Ae flux of tiinold maleate, e^^ 
propykne glycol fiom a saturated diug solution in an ethyl acetate (EtAc) / propylene glycol (PC) / 
isopropyl myristate (IPM) (0^5:0.40K).05) donor vehicle dirough human skin, through a 2 iml 
(28% vinyl acetate) EVAc membrane (3M), and through the membrane placed on the skin. 
5 It was intended that the membrane be rate-controlling for the drug only, and yield a sustained 

flux for dmok)l at or near the minimum target flux of 5 ^lg/cm2 which was calculated based on 
theoretical deliveiy from a 30 cnr patch. 

n» experimental results for timolol maleate are summarized in Figure 10. As can be seen, 
the membrane and membrane-skin composite yieUed a much lower, controUed flux for timotol 
1 0 compared to timolol flux dirough skin. Using a thinner grade of die same type of membrane 
shouU result in a slighUy higher, but similar release profile for timotoL 

Ethyl acetate and propylene glycol concentration in die receptor phase was also measured, 
using the metiiod oudined in Example 2. The experimental results for ethyl acetate and propylene 
glycol are suimnarized in Figures 1 1 A and 1 IB, respectively. As can be seen, solvent flux was 
1 5 much higher through skin than dirough die membrane or membtane/skin composite, until die 
solvent neared dq)letion, at which point die solvent flux dropped toward zero. 
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1. A tcansdermal drug delivery device for administeiing a phanxiacologically active agent 
through a selected area of skin over a. sustained time period, comprising a laminated composite of: 

(a) a backing layer which is substantially inq>ermeable to the pharmacologically active 
agent and which defines the upper surface of die device during use; 

(b) l a min a t ed thereto* a reservoir layer containing a therapeudcally effective amount of die 
pharmacologically active agent and a permeation enhancer composition comprising (i) a 
lower aliphatic ester of a lower aliphatic carboxylic add and (ii) a lower alkanol; 

(c) a release rate-controlling means which controls die flow of pharmacologically active 
agent but not the flow of permeation enhancer composition from die device; and 

(d) means for maintaining die device in agent- and enhancer-transmitting relationship to die 
skin. 



15 2. Thedevice of claim 1* wherein the enhancer conq>osidon comprises approximately 

25 wL% to 90 wt% of the lower aliphatic ester of the lower aliphatic carboxylic acid and 
approximately 10 wt% to 75 wt% lower alkanoL 

3. Tlie device of claim U wherein die lower aliphatic ester of die lower aliphatic carboxylic 
2 0 add is mediyl butrate, mediyl pn^rionate, mediyl acetate, ediyl butrate, ediyl ptoprionate, ediyl 
ace t a t e, propyl butrate, propyl proprionate, or propyl acetate^ and die lower alkanol is methanol, 
edianoU 1-propanoU 2-ptopanoU n-butanoL i-butanoi» i-butanol, propylene glycol, ethylene 
glycol, or glycerin. 

25 4. llie device ofclaim 3^ wherdn the lower aliphatic ester of the lower aliphatic 

carboxylic acid is ediyl acetate and die lower alkanol is propylene glycol. 



30 



5. The device of claim I, wherein the permeation enhancer conqxisition additionally 
comprises (iii) a lower aliphatic ester of a higher aliphatic carboxylic acid. 

6 . The device of claim 5, wherein die lower aliphatic ester of die higher aliphatic 
carbo3c^lic add is isopiopyl myristater 



7 . The device of claim 1, wherein die release rate-controlling means comprises a 
3 5 membrane disposed in die flow path of die phannacologically active agent fiom die reservoir layer 
to the skin. 



40 



8 . Tlie device of claim 7, wherein the membrane is oon^nised of a polymer of ethylene- 
vinyl acetate, ethylene vinyl acetate organic add terpolymer, polyamide, polyester, or acrylic 
resins. 
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9 . The device of claim 8. wherein the membrane is ethylene-vinyl acetate having a vinyl 
acetate content of at least about 15 wt%. 
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10. Tlie device of claim 1, wherein the reservoir layer is comprised of a gelled polymer. 

11. The device of claim 1, wherein the phannacologically active agent is a timolol 
captqpril» nalbuphine* buprenoiphine, or salts thereof. 

1 2. TTie device of daim 1 1 , wherein the phannacologically active agent is captopril. 

13. The device of claim 7, wherrin the means for maintaining the device in agent- and 
enhanccr-transmitdng relationship comprises a peripheral adhesive underlying die membrane. 

14. A transdemsal drug delivery device for administering captopril through the skin, 
comprising a laminated conqiosite of: 

(a) a backing layer whidi is substantially inq)eimeable to captopril and which defines the 
upper surface of the device during use; 

(b) l a minate d thereto, a resovoir layer of a gelled polymer containing a therapeutically 
efifecrive amount of capvoptil and a pcraieation enhancer composition comprising ethyl 
acetate, pnq)ylene glycol and isopropyl nxyristate; 

(c) a release rate-controlling means coaq)rising a membrane disposed in the flow path of 
the captopril and the enhancer composition, and which controls the flow of captopril 
from the device; and 

(d) means for m a in tai n ing Ae device in agent- and enhancer-transmitting relationship to 
theskin« 
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(b) 



15. A method for administering a phara:]acologicaIly active agent transdermally, 
comprising q)plying to a selected area of intact skin a laminated conqx)site of: 

(a) a backing layer which is substantially impermeable to the phazmacologbally active 
agent and which defines d:ie upper surface of the device during use; 
l a minated thereto, a reservoir layer containing a therapeutically efGsctive amount of the 
phannacologically active agent and a penneatiai enhancer composition comprising (i) 

a lower aUphatic ester of a bwer aUphatic carbmylic add and (ii) a tower al^ 
a release rate controlling means whkdi controls die flow of pharmacotogically active 

agent but not the flow of permeation enhancer composition fiom the device; and 
means for maintainii^ the device in agent- and enhancer-transmitting relationship with 
the skin. 



(c) 



(d) 
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16. The method of claim 15, wherein the enhancer composition comprises approximately 
25 wt% to 90 wt% of the lower aliphatic ester of the lower aliphatic carboxylic add and 
approximately 10 wt.% to 75 wt.% lower alkanoL 

5 17. Hie method of claim 15, wherein the lower aliphadc ester is methyl butrate* methyl 

proprionate, methyl acetate, ethyl butrate, ethyl proprionate, ethyl acetate, propyl butrate, propyl 
propnonate^ or propyl acetate, and the lower alkanol is methanol, edianol, 1-propanoI, 2- 
propanol, n-butanol, i-butanol, t-butanol, propylene glycol, ethylene glycol, or glycerin. 

1 0 18. The method of claim 17, wherein the lower aUphatic ester is ethyl acetate and the lower 

alkanol is propylene glycol 

19 . The method of claim 15, wherein the permeadon enhancer conq}05idon additionally 
comprises (iii) a lower aliphatic ester of ahigher aliphadc carboxylic acid. 

15 

20. The method of claim 19, wherein the lower aUphatic ester of the higher aliphadc 
carboigrlic acid is isq)ropyl myristatB. 

21. The method of claim 16, wherein the release rate-controlling means conqvises a 

2 0 membrane disposed in the flow padi of die phaxmacologically acdve agent fiom die reservoir layer 

to the skin. . 

22. The method of claim 16, whqein die membrane is comprised of a polymer of ethylene- 
vinyl acetate, ediylene vinyl acetate organic acid terpolymer, poly amide, polyester, or acrylic 

25 resins. 

23. The rnethod of daina 22, ^erem die membrane is ediylene-vinyl acetate h^ 
vinyl aceta t e content of at least about 15 wt%. 

3 0 24. The inethod of claim 16, wherein die reservoir layer is comprised of a geUedpoIyr^ 

25. Hie method of daim 16^ wherein the pharmacologically active agent is timolol, 
captepril, nalbuphine, buprenoiphine, or salts thereof . 

35 26. The method of claim 25, wheidn the pharmacologically active agent is captopril. 

27. The method of daim 21, wherdn the means for maintaining the device in agent- and 
enhancer-transmittingxeladon^p conqnises a peripheral adhesive underlying the metnbrane. 

18 
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28. A method for administering captopril transdermally, comprising applying to a selected 
area of intact skin a laminated composite of: 

(a) a backing layer which is substantially impermeable to captopril and which defines die 
upper surface of the device during use; 
5 (b) laminate d thereto, a reservoir layer of a gelled polymer containing a therapeutically 

effective amount of captopril and a permeation enhancer composition comprising ethyl 
acetate, propylene glycol* and isq)ropyl myristate; 

(c) a release rate controlling means comprising a membrane disposed in die flow path of 
the captopril and the enhancer ccxnposition and which controls the flow of captopril 

10 from the device; and 

(d) means for oiaintaining die device in agent-and enhancer-transmitting relationship widi 
die skin. 

29 . A method for administering captopril tFansdermally, comprising applying to a selected 
IS area of intact skin a laminated composite of : 

(a) a backing layer which is substantially impenneable to captopril and which defines die 
upper surface of the device during use; 

(b) l ami n ated diereto, a reservoir layer of a gelled polymer containing a dierapeutically 
effective amount of c^topril and a permeation enhancer composition comprising ediyl 

20 acetate and edianol; 

(c) a rdease rate controlling means comprising a membrane disposed in die flow padi of 
the captq>iil and die enhancer composition and which controls the flow of captopril 
fiom the device; and 

(d) means for maintaining die device in agent-and enhancer-transmitting relationship widi 
25 the skin. 



19 



wo 93/23019 



PCr/US93/04442 




(M 



1/7 



wo 93/23019 PCr/US93/04442 



2 600-1 

CM 

i 500- 



3400- 

X 

300^ 



'7: 0.3 



MINIMUM 
TARGET FLUX 




12 

TIME (h) 

FIG.2 



12 

TIME{h) 

FIG.3A 



SKIN 



MEMBRANE/SKIN 
MEMBRANE 





I 

6 



12 

TIME(h) 

FIG.3B 



24 



2/7 



wo 93/23019 



PCr/US93/04442 



10 -I 
























Q 




UJ 

q: 


60- 


UJ 


€ 


> 

-J 


50- 




■ 


o 


40- 


u 




EtA 


30- 


> 


20- 




10- 








s 


0# 


O 


0 



12 

TIME<h) 

FIG.4A 



18 



24 




12 

TIME(h) 

FIG.4B 




TIME(h) 



FIG.5 

3/7 



wo 93/23019 



PCr/US93/04442 




500 




TIME(h) 

FIG.7 



4/7 



wo 93/23019 



PCr/US93/04442 



I4n 



(M 

E 
E 



< 



EtAc/EtOH (0.65:0.35) 




TEtAc/EtOH(050:0.50) 
EtAc/EtOH (0.35: 065) 



12 18 24 

TIMECh, p,Q_3^ 



EtAc/EtOH (035:0.65) 



T EtAc/Q0H(0.50;0.50) 




I EtAc/EtOH (0.65:0.35) 



12 

TIME(t)) 



18 24 

FIG.8B 



5/7 



wo 93/23019 PCr/US93/04442 



450-1 




TIME(h) 

FIG.9A 

200n 




TIME(h) 



FIG.9B 



6/7 



wo 93/23019 PCr/US93/04442 




TIME(h) 



FIG. 10 



^ 80n 




TIME (h) 

FIG.IIA 

^ 20-1 



CM 




TIME{h) 



FIG.ilB 

717 



INTERNATIONAL SEARCH REPORT 

Intvnitioinl AppUcattan No 



PCT/US 93/04442 



LCLASSinCATION OF SUBJECT MATTER (if swcnl dassiflcatioa syrabots apply, Indieil* tU)* "" 


Accortfmg to latenadonal P&tent QassifiCBtiaB (IPC) or to both NftUoiul Qasslfiation tnd IPC 

Int.Ci. b A61K9/70; A61K47/14; A61K47/10 


a. nELDS SEARCHED 


Mintrama DocomaititioD Seardied^ 


CbssiflcatiOD Syston 




Int.Ci 


. 5 


A61K 


DoaancntitioB Searched olber than Mininuim Docuncatatioa 
to the Extent that such DoawMnti are ladutfed in the Fields Searched' 




m. DOCUMENTS CONSIDERED TO BE RELEVANT* 


Cate0>iy° 


CttatioB of Oocnment^ ^ with indication, nhm approptiatc^ of the idevani passages^ 


Relevant to Claim NoP 


X 

Y 


JJOURNAL OF PHARMACEUTICAL SCIENCES 
vol. 78, no. 6, June 1989, 
pages 477 - 480 

FRIEND O.R. ET AL 'TRANSDERMAL DELIVERY OF 
LEVONORGESTREL IV : EVALUATION OF 
MEMBRANES' 

see the whole document 


1-3, 

7-10,13, 

15-17, 

21-24,27 

4-6,11, 
12,14, 
18-20, 
26,28,29 


A 


BURI P. ET AL 'FORMES PHARMACEUTIQUES 
NOUVELLES' 

1985 . TEC & DOC LAVOISIER , PARIS 
see page 392 


1 












" Spcdal cateBories of 4tad docaauDti t ^ 

'A' docamcm defining the genenlitaia of iht art nUah If B«t 
conadend to be of parncalar relevanne 

*£* garfl^y rfn«tfMWt lint piMtA^J »w* t» mttmf ih^ ii»fyyi^%»^| 

filing date 

n/ docDBiaitiihichBMythnirdoabtaoa nriaritydaia(s)Qr 
nhicb is cited to establish the publication date of aaMhcr 
citatioa or other ipedal reason (as specified) 

'0' document nfenlag to an oral dlsctosme^ oscbeadiibitloB or 
other means 

T* docuneatpohiished prior to the taitmaiionalflUng date hot 
later than the priori^ date claimed 


f later documvitpoblldMdaftertheinlenationalfllihg date 
or priority date and not fai amflld with the aspiicatioo but 
dtedto nadetstand the principle or theoiy anderiying the 
InwaHon 

T docamvit of paiticular firievance; the datmed invention 
cannot be coniidered novel or cannot ho cansidewd to 
involve an inventive step 

IT dooament of parttailtrrelevincei the claimed InvcntioB 
caODOt be coasidved to involvo an inventive step when the 
doauMot is combined ulth one or more other such does* 
mnts, such combinBtlBB hcbg obvions to a pcrsen SUM 
Uithoart 

'V doeamot member of the tame paint taally 


IV. CERTIFICATION 


Date of the 


17 AUGUST 1993 


Date of MaiUng of this Intenational Searc 


li Report 


IntcnatioBal Sesrcfalng Authority 




Si0tttBro of Anthoriaed Officer 






EUROPEAN PATENT OFFICE 


BOULOIS D. 





F«niPCr/ISA/210(i 



latmtional ApplUeadM No 



PCT/US 93/04442 



OL DOCUMENTS CONSIDESEO TO BE RELEVANT 



(CONTINUED FKOM THE SECOND SHEET) 



CatcgBiy'* 



atation of Doaimat^ with Indicatioa, iriicn appropriate, of the rekvaiit pasages 



Edovaat to Qaim N& 



W0,A»9 308 841 (SRI INTERNATIONAL) 
13 May 1993 

see page 11, line 22 - page 12, line 31 
see page 17 - page 20; examples 2,3 
see claims 

DATABASE WPI 

Section Ch, Week 9038, 

Derwent Publications Ltd., London, GB; 

Class A12, AN 90-287110 

& JP,A,2 202 813 (SEKISUI CHEN IND KK) 10 

August 1990 

see abstract 

W0,A,9 205 811 (ETHICAL PHARMACEUTICALS 

LIMITED) 

1& April 1992 

see page 9, line 26 - page 11, line 32 
see page 13 - page 14; example 2 
see page 15 - page 16; example 5 
see figures 1,2 

EP,A,0 399 432 (TAKEOA CHEHICAL INDUSTRIES 
LTD) 

28 November 1990 

see page 6 - page 7; example 2 

EP,A,0 368 406 (NORWICH EATON 
PHARMACEUTICALS INC) 
16 May 1990 

see page 5 ~ page 6; example 1 

EP.A,0 452 837 (NIHO ELECTRICAL 

INDUSTRIAL CO LTD) 

23 October 1991 

see page 11; examples 4,6 

JOURNAL OF CONTROLLED RELEASE 
voK 9. no. 1, 1989, AMSTERDAM 
pages 33 - 41 

FRIEND D. ET AL 'SIMPLE ALKYL ESTERS AS 
SKIN PERMEATION ENHANCERS' 
see the Mhole document 



1-29 



12.14, 
26,28,29 



11 



4-6,14, 
18-20,28 



11 



11 



WMtm PCT/BA/UO itatau MmII ftaMiy lflU| 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. US 9304442 

SA 73881 

Jbis ■ones listr the p«CDt haily mcabets rtbting to Ifae patent doaumts dad in the abeveniicBlioiMd utBimiaiiai «— ■* nnt. 
IlisiBcnbaBareMcsntaiacdintheCuropeaDPBteBtOilieeEDPfileoii 

IktGvoim Meat Office is b no irvliaUebrllmpaitieiilmirtikhm 17/08/93 



Patent document 


PuUicition 


Patent iiunilir 


Publicatiott 
date 


WO-A-9308841 


13-05-93 


None 






WO-A-9205811 


16-04-92 


AU-A- 
CA-A- 
EP-A- 
GB-A- 


8629591 
2093321 
0551349 
2249956 


28-04-92 
06-04-92 
21-07-93 
27-05-92 


EP-A-0399432 


28-11-90 


CA-A- 
JP-A- 


2017442 
3072416 


25-11-90 
27-03-91 


EP-A-0368406 


16-05-90 


US-A- 
CA-A- 
JP-A- 


5026556 
2002300 
, 2191214 


25-06-91 
10-05-90 
27-07-90 


EP-A-0452837 


23-10-91 


JP-A- 
US-A- 


4001127 
5176916 


06-01-92 
05-01-93 



§ 

1 

o 

w For more details nboot thiB annex t m Ofikial Jounial of the £nropcan Patcst Offiee^ No. 12/82 



